Introduction
By 25 May 2017, 48 countries and territories in the Americas had confirmed autochthonous, vector-borne transmission of Zika virus disease and 26 had reported confirmed cases of congenital syndrome associated with the infection. 1 Symptoms are often very mild or not present. When symptomatic, the infection may include rash, fever, arthralgia and conjunctivitis. Zika virus infection during pregnancy is a cause of congenital Zika syndrome 2 and it may also be a trigger for Guillain-Barré syndrome. 2, 3 It has been widely reported that approximately 80% of people with Zika virus infection are asymptomatic. This statement is based on a household survey on Yap State in 2007 4 that has been cited in many publications on Zika virus. Among 557 residents who provided blood samples, 414 had immunoglobulin (Ig) M antibody against Zika virus and 156 of these (38%) reported an illness that met the definition for suspected Zika virus disease. However, 27 (19%) of the 143 residents who had no detectable IgM antibody against Zika virus also reported an illness that met the definition for suspected Zika virus disease. The authors concluded that, among participants who had IgM antibody against Zika virus, a total of 19% (38% minus 19%) had symptoms that were likely due to the Zika virus infection. When adjusted to the total Yap population aged 3 years or older, the authors estimated that 18% of those infected (95% confidence interval, CI: 10-27%) had a clinical illness that was probably attributable to Zika virus. From these data we, and other authors, concluded that 82% of the population infected with Zika virus were asymptomatic.
Lack of signs and symptoms of Zika virus infection does not necessarily imply protection from potential complications, such as microcephaly in babies and Guillain-Barré syndrome in adults. This has implications for surveillance, treatment and research efforts. For example, an analysis was conducted of pregnancies completed between 15 January and 22 September 2016, and recorded in the United States Zika pregnancy registry. 5 Among women with laboratory evidence of Zika virus infection, there was no difference in the prevalence of birth defects in babies born to asymptomatic (16/271, 6%; 95% CI: 4-9%) or symptomatic women (10/167, 6%; 95% CI: 3-11%). Thus, if the asymptomatic pregnant women had not been included in Zika virus surveillance the 16 babies born with birth defects may not have been attributed to Zika virus.
Currently, with the exception of asymptomatic pregnant women, only people with suspected infection (i.e. symptomatic) generally undergo laboratory testing for Zika virus infection as part of national surveillance efforts. 6 Thus, the true prevalence of infection and related complications is likely to be underestimated and biased towards those who seek care or develop a viral disease in response to infection. 7 Knowing the prevalence of asymptomatic Zika virus infection is important for assessing the effectiveness and cost-effectiveness of interventions, including vaccines, to prevent or treat infection. The prevalence is also needed for decision-making about the value of scaling-up surveillance efforts.
The aim of the current review was to estimate the prevalence of asymptomatic Zika virus infection in the general population and in specific population groups from observational epidemiological studies.
Methods
We used systematic review methods, including a meta-analysis. 8, 9 We registered the protocol on the International prospective register of systematic reviews (CRD42017059342) and followed the Preferred Reporting Items for Systematic Reviews and MetaAnalysis statement for reporting.
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Inclusion criteria
We included general or specific population-based studies of participants of all ages and from any country: pregnant women, newborns and infants, children, adults, newborns with congenital abnormalities, and adults with GuillainBarré syndrome and other neurological diseases.
We included studies if exposure to Zika virus was identified, using molecular or serological methods. We used the Pan American Health Organization (PAHO),World Health Organization (WHO) guidelines for laboratory testing wherever possible. 12, 13 For a confirmed case these guidelines require: (i) presence of ribonucleic acid or Zika virus antigen in any specimen (serum, urine, saliva, tissue or whole blood) tested by reverse-transcriptase polymerase chain reaction method; or (ii) positive antiZika virus IgM antibodies and plaque reduction neutralization test for Zika virus titres ≥ 20 and four or more times higher than for other flaviviruses; and exclusion of other flavivirus; or (iii) in autopsy specimens, detection of the viral genome (in fresh or paraffin tissue) by molecular techniques, or detection by immunohistochemistry. In practice, this definition was often not used in studies, especially in earlier research. We therefore included studies using alternative definitions for positive laboratory testing if the definition was clearly stated. One alternative definition was the PAHO-WHO guideline for probable cases: presence of Zika IgM antibodies, with no evidence of infection with other flaviviruses. 12 We defined the primary outcome measure as percentage of all Zika virus-positive participants who were asymptomatic at the time of laboratory testing, or within 7 to 10 days of testing. The denominator was all participants who were Zika virus-positive. For the numerator, the PAHO-WHO guidelines for signs and symptoms were used wherever possible, which require patients to have rash (usually pruritic and maculopapular) with two or more of the following signs or symptoms: fever, usually < 38.5 °C; conjunctivitis (non-purulent/ hyperemic); arthralgia; myalgia; and/ or periarticular oedema. 12 In practice, not all studies used the PAHO-WHO definition and we included studies using alternative definitions for symptoms if a clear definition was provided. Asymptomatic Zika virus-positive participants were those with no symptoms or with symptoms that did not meet the definition used for the particular study.
We included cross-sectional seroprevalence studies, cohort studies of pregnant women, cohort studies of newborns and infants, case-control studies of Guillain-Barré syndrome and other neurological diseases, case-control studies of microcephaly and case series with at least 20 participants. The cut-off value of 20 participants for case series was chosen as a reasonable minimum number for which prevalence data can be reported. A cross-sectional seroprevalence study in the general population is the most appropriate design to determine the prevalence of asymptomatic Zika virus infection. However, to make use of the limited information that was available, we chose to include other study designs and other populations. Published and completed unpublished studies were eligible for inclusion. Data from ongoing studies were also eligible for inclusion when results from a representative sample were available.
Publications in English, French, Spanish or Portuguese were included. There was no restriction on year of publication.
We excluded studies in which having symptoms of Zika virus was a criterion for inclusion of participants in the study. This is because it would give a biased value for percentage asymptomatic of 100% solely due to the inclusion criteria. We also excluded studies where the percentage of participants who were asymptomatic could not be determined.
Search strategy
The search strategy and keywords used are shown in Box 1. The titles and abstracts of these references were checked by one author against the inclusion criteria. Additional published articles were also identified through separate manual searches of PubMed® and revision of Zika virus article alerts by another author. The full text of any potentially relevant papers were checked by a second author and disagreements resolved by discussion and consultation with a third author. Papers excluded after review by a second reviewer and discussions between reviewers were detailed in a table, together with the reason for their exclusion. We also made contact (by email or in-person at key Zika virus meetings) with known research groups conducting cross-sectional studies of Zika virus. These groups were identified through the PAHO-WHO Zika virus research platform, which includes research protocols that detail ongoing research related to the virus.
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Data extraction
We extracted qualitative information into a Word version 14 
Quality assessment
The quality of the included studies was assessed independently by two authors using the critical appraisal checklist for prevalence studies, developed by The Joanna Briggs Institute. 8 This tool includes the same dimensions as the Assessing Risk of Bias in Prevalence Studies tool, 15 but was considered more useful for this review as it is applicable to a variety of study designs. The Joanna Briggs Institute tool also includes extra items related to sample size and subgroups. Disagreements were resolved by discussion and consultation with a third author where necessary.
Analysis
We summarized the findings from the included studies in numerical and narrative tables. We conducted quality-effects meta-analysis using MetaXL version 5.3 (Ersatz, EpiGear International, Sunrise Beach, Australia) and the double arcsine transformation of prevalence. [16] [17] [18] We assessed heterogeneity using the Q and I 2 statistics. We used Doi plots and the Luis Furuya-Kanamori index to evaluate the presence of small-study effects, where asymmetry can indicate publication or other biases. 16 A symmetrical mountainlike plot with values of the Luis FuruyaKanamori index within ± 1 indicates no asymmetry; between ± 1 and ± 2 indicates minor asymmetry; and exceeding ± 2 suggests major asymmetry. 16 Due to the high degree of heterogeneity in the results, we also checked whether the heterogeneity could be explained by population subgroups. The number of included studies was insufficient for testing multiple subgroups. We also tested the sensitivity of the results to excluding the largest study 4 and to using the actual sample figure, rather than the population estimate reported by the authors that accounts for symptoms not attributable to Zika virus infection.
Results
We identified a total of 960 records from database searches and another 12 records through other sources (Fig. 1) . No unpublished or in-process studies were identified. After screening, we assessed 64 full-text articles for eligibility ( Fig. 1 ) and excluded 36 articles for various reasons (Table 1) . No studies were excluded due to language restrictions. A total of 23 studies from 28 articles met the inclusion criteria for the review (Table 2 ; available at: http://www.who.int/bulletin/ volumes/96/6/17-201541). 4, 5, We found only three cross-sectional seroprevalence studies of the general population, which are considered to be the most appropriate design to measure prevalence. These included the original study of Yap State residents, Federated States of Micronesia, conducted in 2007, 4 a study of the general population and schoolchildren in French Polynesia conducted in 2014-2015 69 and a study in 2016 of the general population living near 19 index cases in San Juan, Puerto Rico. 71 The majority of the studies were case series from population health surveillance programmes, 57, 60, 65, 75, 78 systematic screenings of an at-risk population 68, 74 or hospital-based screenings of an at-risk population. 62, 64, 66, 72, 76, 80 A cohort design was used in four studies, 61 ,70,77,79 a case-control design in two studies, 58, 59 and a cross-sectional study of blood donors in one study 56 (Table 2 ). There was considerable variation in the methods of laboratory testing and the definitions of Zika virus positivity used in the studies (Table 2) . Also, few studies offered a definition for symptomatic or asymptomatic. Sample sizes in studies varied from 30 to over 9000 (Table 3) .
The risk of bias scores ranged from 1 to 9 out of a possible total of 10, with a mean score of 5.8 ( Table 2 ). The most common limitations were: sample not clearly representative of the population (18 studies); response rate not reported, or large number of non-responders (19 studies); and not accounting for confounding factors or failure to identify subgroup differences (17 studies). The three cross-sectional seroprevalence studies of the general population had risk of bias scores between 6 and 8.
The 23 studies included a pooled number of 11 305 participants positive for Zika virus, 6921 of whom were asymptomatic. Meta-analysis showed a combined prevalence of asymptomatic Zika virus of 61.8% (95% CI: 33.0-87.1%). However, there was substantial heterogeneity (Q = 3291, P < 0.001, I 2 = 99%), suggesting that the pooled prevalence is probably not a robust estimate. Analysis based on subgroups of the population (general population, returned travellers, blood donors, adults with Guillain-Barré syndrome, pregnant women or babies with microcephaly) was not able to explain the heterogeneity (Fig. 2) . There was also significant heterogeneity within all subgroups. Both the funnel plot ( Fig. 3 ) and Doi plot (Fig. 4) showed major asymmetry. The most likely explanations for the asymmetry are selection bias, including publication bias, or true heterogeneity in the included studies. 81 The largest study (population-adjusted sample: 6892; actual sample: 557) 4 had a weight of 40.7% in the meta-analysis. Excluding this study completely removed the asymmetry (Luis Furuya-Kanamori index: 0.05) but not the heterogeneity (Q = 1484.5, P < 0.001, I 2 = 98%). The study's exclusion also resulted in a substantial reduction in the pooled estimate to 45.2% (95% CI: 28.9-62.0%) and a narrowing of the confidence intervals. When the actual sample figures from this study 4 were used instead of the population-adjusted figures the resulting pooled estimate was 46.5% (95% CI: 31.2-62.2%), with major heterogeneity (Q = 1537.1, P < 0.001, I 2 = 98%) but no asymmetry (Luis Furuya-Kanamori index: −0.57).
Discussion
Although we found 23 studies for this review, the high degree of heterogeneity in the studies made it difficult to form clear conclusions as to the true prevalence of asymptomatic Zika virus infection. Furthermore, subgroup analysis by population group was unable to explain the heterogeneity. While the prevalence of asymptomatic Zika virus infection appeared to be lower in returned travellers and adults with Guillain-Barré syndrome, this could be due to the lack of representativeness of the samples, as those with symptoms are more likely to be tested.
The large variation in prevalence of asymptomatic Zika virus infection in the general population, which ranged from 29% (95% CI: 24-24%) in schoolchildren from French Polynesia 69 to 82% (95% CI: 81-83%) in the general population of Yap State 4 could be due to several reasons. One possibility could be the lack of representativeness of the French Polynesia sample as the response rate was not reported. 69 A second possibility is that the population prevalence in Yap State was overestimated due to the method of assessing symptom status, which was done retrospectively and then adjusted for the percentage unlikely to be attributable to Zika virus infection. 4 The high degree of sensitivity of the results to the removal of this study lends supports to this possibility. A third possibility is that differences in definitions of symptoms and criteria for Zika virus infection (including the diagnostic test used) could have led to differences in prevalence estimates. This possibility is supported by the lower prevalence of asymptomatic Zika virus infection in pregnant women with confirmed recent infection than in those with possible recent infection (42% versus 63%; Table 3 ) in the United States. 75 Finally, the difference could be real.
The authors of a systematic review and meta-analysis of 55 influenza virus infection studies also found considerable heterogeneity in the proportion of asymptomatic infected persons. 82 Despite the large number of studies, the heterogeneity could not be explained by the type of influenza, the laboratory tests used to detect the virus, the year of the study, or the location of the study. 82 For a If a studied had more than one reference, we awarded one reference the status of primary reference. All study references are presented in Table 1 . b These data are shown in parentheses because they do not contribute to the primary result but were used in sensitivity analyses. Note: We searched for studies published from inception of the databases until 26 January 2018.
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Zika virus the amount and quality of the available evidence is insufficient to provide a single estimate of the prevalence of asymptomatic infection or to determine whether the heterogeneity found in this review is real. In relation to the heterogeneity in prevalence, comparing two included studies that presented data on completed pregnancies from the United States Zika pregnancy registry and used similar surveillance methods is important. 75, 78 One study in the USA found an asymptomatic Zika virus infection prevalence of 63%; 75 this is consistent with an earlier report of 61% from the same population, 5 suggesting little variation over time. The other study was of completed pregnancies in United States Territories (American Samoa, Puerto Rico and United States Virgin Islands) and the Federated States of Micronesia and Marshall Islands 78 and found a prevalence of asymptomatic Zika virus infection of 38%. 78 If the difference is real or a result of differences in ascertainment of asymptomatic Zika virus infection is difficult to know. The registry is based on surveillance systems, which depend on testing in clinical practice and which can be affected by the care-seeking behaviour of the population. This raises the issue of the ability of surveillance systems to provide unbiased results for Zika virus research questions. 83 Although we included population subgroups in our meta-analysis there were insufficient data to study the effect of demographic variables on the prevalence of asymptomatic Zika virus. While three of the included studies reported on age, sex or geographical differences in symptomatic infection, [69] [70] [71] clear conclusions were not possible to make.
A key strength of this review was the use of high-quality systematic review methods. 9 Limitations of the review include the small number of studies found, especially cross-sectional seroprevalence studies, and the heterogeneity in the methods used across studies. The majority of studies included in the review were based on population health surveillance or screening programmes, rather than good-quality research studies. Furthermore, the included studies used various definitions of Zika virus positivity and rarely offered a definition for Zika virus symptom status. A variety of laboratory tests were used with varying degrees of validity, which can lead to potential misclassification error. 83 A 
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Asymptomatic Zika virus prevalence Michelle M Haby et al. particular issue for Zika virus infection is the serological cross-reactivity of current IgM antibody assays with dengue virus, among other flaviviruses. 84, 85 The potential effect on the results is not known. In several studies there was also a bias towards inclusion of participants with symptoms due to the criteria for population surveillance or because symptomatic people are more likely to seek health care (e.g. travellers returning from Zika virus-endemic areas).
One clear finding from this review is that, given the current state of the evidence, it is not possible to give an accurate figure for the prevalence of asymptomatic Zika virus. Nor is it known whether the prevalence varies between populations or over time. Better-quality research is needed to estimate prevalence in the general population and in specific population groups. The use of standardized protocols developed by WHO and partners, 86 particularly the protocol for the cross-sectional seroprevalence study of Zika virus infection in the general population, 13 will be important in this regard. The protocol aims to standardize the diagnostic tests and definitions used, as well as encouraging consistent reporting.
13, 86 Use of the protocol will ensure results can be compared across regions and countries and help to improve the quality of the studies by minimizing bias. 86 In this way the results of studies will better inform future public health surveillance and interventions. ■
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Резюме
Распространенность бессимптомной инфекции, вызываемой вирусом Зика: систематический обзор Цель Провести систематический обзор для оценки распространенности бессимптомной инфекции, вызываемой вирусом Зика, в общей популяции и в определенных группах населения. Методы Авторы провели поиск в онлайн-базах данных PubMed®, Embase® и LILACS с момента их создания до 26 января 2018 года. В обзор были включены наблюдательные эпидемиологические исследования, в которых использовалось лабораторное тестирование для подтверждения инфицирования участников вирусом Зика, а также те, в которых было указано наличие или отсутствие проявления симптомов этой инфекции. Авторы исключили исследования, в которых наличие симптомов этой инфекции было критерием для включения. Основной результат оценивался как процентная доля участников с положительным результатом обследования на вирус Зика, у которых инфекция, определенная по отношению к общему числу участников, протекала бессимптомно. Для метаанализа авторы использовали подход, основанный на качественном эффекте, и двойное арксинус-преобразование.
Результаты Авторы провели оценку 753 исследований, из которых 23 были включены в метаанализ, т. е. в общей сложности 11 305 участников, инфицированных вирусом Зика. Высокая степень гетерогенности в исследованиях (I 2 = 99%) свидетельствует о том, что общая распространенность участников, инфицированных вирусом Зика, у которых отсутствовали проявления симптомов инфекции, по-видимому, являлась недостоверной оценкой. Анализ, основанный на подгруппах населения (общая популяция, вернувшиеся из поездок путешественники, доноры крови, взрослые с синдромом Гийена -Барре, беременные женщины и дети с микроцефалией), не смог объяснить эту гетерогенность. Воронкообразная диаграмма и диаграмма ЦИО показали большую асимметрию, что свидетельствует о систематической ошибке отбора или истинной гетерогенности. Вывод Необходимо провести более качественные исследования с использованием стандартизированных методов для определения истинной распространенности бессимптомной инфекции, вызываемой вирусом Зика, а также выяснить, изменяется ли она среди популяций или с течением времени.
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Resumen Prevalencia de la infección asintomática del virus de Zika: una revisión sistemática
Objetivo Llevar a cabo una revisión sistemática para estimar la prevalencia de una infección asintomática del virus de Zika en la población general y en grupos de población específicos. Métodos Se realizaron búsquedas en las bases de datos en línea de PubMed®, Embase® y LILACS desde el origen hasta el 26 de enero de 2018. Se incluyeron estudios epidemiológicos observacionales en los que se usaron pruebas de laboratorio para confirmar la exposición positiva de los participantes al virus de Zika y en las que también se registró el estado de los síntomas del virus de Zika. Se excluyeron los estudios en los que mostrar síntomas del virus de Zika fue un criterio de inclusión. El principal resultado evaluado fue el porcentaje de todos los participantes que resultaron positivos al virus de Zika y no presentaban síntomas. Se siguió un enfoque calidad-efectos y la transformación de arcoseno doble para el metanálisis.
Resultados Se evaluaron 753 estudios para su inclusión, de los cuales 23 se incluyeron en el metanálisis, sumando un total de 11 305 participantes positivos para el virus de Zika. El alto grado de heterogeneidad en los estudios (I 2 = 99%) sugiere que la prevalencia combinada de participantes asintomáticos con el virus de Zika probablemente no era una estimación robusta. Los análisis basados en subgrupos de población (población general, viajeros de vuelta, donantes de sangre, adultos con síndrome de Guillain-Barré, mujeres embarazadas y bebés con microcefalia) no pudieron explicar la heterogeneidad. Los gráficos de Funnel y Doi mostraron una asimetría importante, lo que sugiere un sesgo de selección o una verdadera heterogeneidad. Conclusión Se necesita una investigación de mejor calidad, que use métodos estandarizados, para determinar la verdadera prevalencia del virus de Zika asintomático y si varía entre las poblaciones o con el tiempo.
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